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abstract We have performed a thorough analysis of the constraints which can be put on neutrino
parameters from cosmological observations, most notably those from the WMAP satellite and the 2dF
galaxy survey. In terms of the relativistic energy density in neutrinos or other weakly interacting species we
nd, in units of the equivalent number of neutrino species, Nν , that Nν = 2.1+2.5−1.8 (95 % conf.). This limit
on relativistic energy density can be translated into a bound on the neutrino lepton asymmetry of |ην | ≤ 1.9
(95 % conf.), assuming that the asymmetry is entirely in one flavour. When BBN constraints are added, the
bound on Nν is 2.5± 0.5 (95 % conf.), suggesting that Nν could possibly be lower than the standard model
value of 3. This can for instance be the case in models with very low reheating temperature and incomplete
neutrino thermalization.
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